Background: In the vertebrate central nervous system as well as in the periphery,
This process, post-translational protein palmitoylation, acts as a sticky "tag" that can direct channels and receptors to specific regions of the plasma membrane, or to specific intracellular membranes or vesicles. [11] [12] [13] [14] Genetic evidence strongly links impaired palmitoylation to abnormal mammalian brain development and/or function, including human neuropsychiatric disorders. [15] [16] [17] [18] [19] [20] Biochemical experiments have already determined the palmitoylation sites of mouse 5-HT 1A receptor, 21 5-HT 4 receptor, 22, 23 and 5-HT 7 receptor. 24 In this report, we further focused on conservation of 5-HT 1A ,
5-HT 4 , and 5-HT 7 receptor palmitoylation sites found in their vertebrate orthologs. Analysis of sequence databases provides evidence for the acquisition and conservation of palmitoylation mechanism in these 5-HT receptor regulations during vertebrate evolution.
| ME TH ODS
For analysis of the 5-HT receptor orthologs, currently available protein sequences, cDNA sequences, expressed sequence tags (ESTs), and genomic sequences were obtained by searching the National A full phylogenetic tree of 5-HT 1A orthologs can be found at:
http://www.ensembl.org/Homo_sapiens/Gene/Compara_Tree?db=c ore;g=ENSG00000178394;r=5:63960356-63962507.
A full phylogenetic tree of 5-HT 4 orthologs can be found at:
http://www.ensembl.org/Homo_sapiens/Gene/Compara_Tree?db=c ore;g=ENSG00000164270;r=5:148451032-148677235.
A full phylogenetic tree of 5-HT 7 orthologs can be found at:
http://www.ensembl.org/Homo_sapiens/Gene/Compara_Tree?db=c ore;g=ENSG00000148680;r=10:90740823-90857698.
| RESULTS
Recent expansive progress in genome analyses revealed that many vertebrate species possess 5-HT 1A , 5-HT 4 , and 5-HT 7 receptor orthologs ( Figure 1 ). Generally speaking, structurally or functionally important amino acid residues are conserved during molecular evolution against mutation pressure. The homology comparison of fulllength amino acid sequence of 5-HT 1A receptor orthologs showed 93% identity among mammalian species,~80% identity between humans and birds,~76% identity between humans and reptiles, 74% identity between humans and amphibians,~71% identity between humans and ray-finned fishes (the class Actinopterygii) (Figure 2A) . The homology comparison of full-length amino acid sequence of 5-HT 4(a) (or 5-HT 4 isoform X2 ) receptor orthologs showed 96% identity among mammalian species,~87% identity between humans and birds,~88% identity between humans and reptiles, 85% identity between humans and amphibians,~76% identity between humans and ray-finned fishes ( Figure 2B ). The homology comparison of full-length amino acid sequence of 5-HT 7(a) receptor orthologs showed~95% identity among mammalian species,~83%
identity between humans and birds,~86% identity between humans and reptiles,~77% identity between humans and amphibians. Amino acid sequences around putative palmitoylation sites corresponding to human 5-HT 1A receptor Cys417 and Cys420; those corresponding to human 5-HT 4 receptor Cys328, Cys329, and human 5-HT 4(a) receptor Cys386; those corresponding to human 5-HT 7 (Table 1) . This palmitoylation site is exceptionally absent only in sifaka 5-HT 4(a) receptor in total 142 vertebrate species. Pro in some species.
The class Mammalia recognizes 3 subclasses: the Prototheria (platypus and several species of echidna), the Metatheria (extant Marsupialia, eg, koala), and the Eutheria (extant Placentalia, eg, mouse) ( Figure 4A ). Eutherian (placental) mammals further comprise 4 superorders; Afrotheria, Xenarthra, Laurasiatheria, and Euarchontoglires. All of the eutherian species diverged from the same root around 100 million years ago in the early Cretaceous period.
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Mouse 5-HT 7(a) receptor Cys441 corresponds to human 5-HT 7(a) receptor Cys438, which is extremely conserved in almost all eutherian 5-HT 7(a) -type splice variants (83 eutherian species examined, 
